ver y we ek, ab out 20 people visit the University of Pittsburgh Medical Center in Pennsylvania to be evaluated for weightloss surgery. They tell a nurse their medical history and have a routine physical examination. Then they sit down with a surgeon to discuss their options.
Anita Courcoulas, head of minimally invasive bariatric and general surgery at the centre, has had thousands of these conversations in the past 25 years. During that time, the information she shares with her patients has changed dramatically. Thanks to clinical trials, she can now tell them with some confidence that surgery not only spurs remarkable weight loss in most people, but also significantly lowers the risk of heart attack, stroke, cancer and death. And with the most popular procedure -Roux-en-Y gastric bypass, which shrinks the stomach to the size of an egg -up to 60% of patients with diabetes go into remission for at least several years after the operation 1 . There are drawbacks for her to discuss, too: the cost (around US$25,000); the small risk of surgical complications (on a par with that of gall-bladder removal); and the chance of developing nutritional deficiencies or an intolerance to certain foods. But perhaps the toughest issue for patients is the uncertainty.
Surgery does not work for everybody, and weight loss can be transient.
Doctors are not sure why gastric bypass and similar procedures curb diabetes and other diseases. The conventional view has been that the benefits stem mostly from the weight that patients shed -typically onequarter of their body mass 1 . But in the 1980s, some patients were found to show rapid changes in their metabolism after surgery, suggesting that other factors are at play. Now, a slew of high-profile animal studies is identifying potential mechanisms in how the gut adapts to its strange new configuration: with sweeping changes in bacterial populations, bile acids, hormone secretions and tissue growth. The hope is that more research on what happens after bariatric surgery will enable physicians to identify who will respond best -and even lead to ways of altering metabolism without resorting to the knife.
HUNGER STRIKE
Bariatric surgery debuted in Sweden in 1952, when surgeon Viktor Henrikson removed a 105-centimetre stretch of a woman's small intestine. The procedure did not help the woman to lose weight, but it did treat her constipation and boost her metabolism. According to Henrikson's case report 2 , she was "content, subjectively felt healthier and more energetic".
Over the next two decades, surgeons in the United States refined the procedure. They cut the small intestine near each end, then rejoined it to circumvent all but about 40 centimetres. Known as a jejunoileal bypass, it caused remarkable weight loss but also an array of unpleasant side effects, including bloating, diarrhoea, anal burning and dehydration. Bacterial populations in the bypassed intestine continually rose and the liver became inflamed. "Everybody realized that five years after you have this, you lose your liver, " says David Cummings, a endocrinologist at the University of Washington in Seattle.
Today's gold standard is the Roux-en-Y gastric bypass. Pioneered in 1977, the procedure creates a small pouch at the top of the stomach and reroutes the small intestine to connect to it. The bypassed section gets reconnected to the intestine, forming a 'Y' shape, so that it can still drain fluids and bacteria, reducing the risk of festering growth.
Even in the early days of gastric bypass, surgeons noticed that the operation had swift effects on metabolism: patients' bloodsugar levels normalized within a week or so. "We were surprised by the rapidity of the improvement," read a 1987 study reporting on 397 procedures 3 , "even though the patients were still clearly morbidly obese. "
Patients said that they were not as hungry as before the surgery, and that they ate fewer meals and snacked less. Over time, their food preferences seemed to change, too; anecdotal reports suggested that they often chose salads over desserts and fatty foods. These shifts could not be explained by reduced stomach size alone, Cummings notes -if the reason A gutwrenching question
Gastric-bypass surgery can curb obesity as well as diabetes and a slew of other problems. Researchers are now trying to find out how it works.
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was mechanical, patients would simply eat lots of small meals. "That got the field wondering, what's going on with hunger, here?" In 2002, Cummings and his colleagues identified one of the first biochemical markers associated with the bypass. They had tracked blood levels of ghrelin, the 'hunger hormone' produced by cells in the gastrointestinal tract, in more than two dozen people. Normally, ghrelin levels rise sharply when the stomach is empty and then drop after a meal. Surgery suppressed these fluctuations, Cummings found 4 . The normal peaks and valleys of ghrelin production went pancake flat. "It's pretty dramatic," he says.
But getting a better handle on the mechanisms required an animal model. Lee Kaplan, director of the Massachusetts General Hospital Weight Center in Boston, looked to rats -a daunting task given their tiny innards. He recruited a young surgeon from Greece, Nicholas Stylopoulos, and the duo, along with a few other research groups, began to publish papers on what happened to the animals after surgery. The research has shown that just like in people, bypass surgery stabilizes glucose levels 5 , boosts metabolism 6 and steers the animals to choose low-fat over high-fat meals 7 .
GUT MICROBES
A potential explanation could lie in the trillions of microbes that reside in the gut. In 2009, Rosa Krajmalnik-Brown from Arizona State University in Tempe and her colleagues sequenced the bacterial genes present in faeces from three people who had received a gastric bypass. Compared with obese and normal-weight controls, their guts contained proportionally fewer bacteria from the usually abundant Firmicutes phylum, and excess levels of the Gammaproteobacteria class 8 . "Even with that small sample size we were able to get statistically significant differences because the microbiota changed so drastically," Krajmalnik-Brown says.
The researchers do not know why these particular changes occurred, but they say it could be because Firmicutes die when oxygen is present, and shortening the gastrointestinal tract means that oxygen that is normally consumed in the small intestine reaches the colon. Alternatively, the changes could occur because food is being digested faster. (The group did not test microbial make-up in individuals before surgery, but is now working on a follow-up study that compares before and after.) A similar shift in gut flora has been reported in rats undergoing a gastric bypass 9 . Whether this bacterial shift drives a change in health is hard to say, but there are some indications that the microbes contribute to metabolic changes. Kaplan and his colleagues performed a gastric bypass on obese mice, then transplant the altered gut bacteria into mice bred to be microbe-free. These recipient mice were not obese, but still lost about 5% of their weight after the transplant 10 (see Nature http://doi.org/tjq; 2013). This research and other strands of evidence suggest that metabolic regulation could begin in the gut, which has the ability to send messages to the brain, liver, pancreas, kidneys and immune system. "The idea that a lot of the information starts at the gut is a relatively new concept," says Kaplan.
For example, researchers have now found that bile acids have a role in signalling. These fluids help to emulsify fats so that the lipids are metabolized more efficiently, but they also act as hormones, signalling to receptors in the gut. Randy Seeley, a neuroscientist at the University of Michigan Health System in Ann Arbor, and his colleagues decided to look at what happens when one of these bile-activated-receptors -the farsenoid-X receptor (FXR), which helps to regulate glucose metabolism -is deleted in mice.
The researchers overfed both mutant and control mice until they were fat, and then did a vertical sleeve gastrectomy. (This procedure shrinks the stomach like a gastric bypass does, but does not circumvent any of the small intestine.) A week after surgery, both types of mice lost a lot of weight. By the fifth week, however, only the control mice had managed to keep it off; the mutants had gained it all back 11 . Without FXR and the messages carried by bile acids, the surgery fails to work. Intriguingly, the control mice, but not the mutants, showed a notable increase in the abundance of Roseburia, a Firmicutes bacterium that tends to be suppressed in people with diabetes, suggesting that FXR and its related biological pathways could turn out to be therapeutic targets in this disease.
Bile-acid and bacterial changes could affect the gut's communication with organs responsible for the glucose dysregulation that causes diabetes. But a study published last year 12 suggests that the gut itself shows changes in glucose metabolism after surgery (see Nature http://doi.org/tjr; 2013).
Using a rat model of gastric bypass, Stylopoulos, who now runs his own laboratory at Boston Children's Hospital, and his colleagues showed that the 'Roux limb' -the piece of intestine that runs from the stomach pouch to the reconnected intestine -expands dramatically in width and length after surgery. "It really doubles in size, " Stylopoulos says, and it stays that way. That makes sense, because without a full-sized stomach, the tissue must adapt to heaps of undigested food. But the limb's rapid growth requires a lot of energy, which comes from glucose. The changing organ starts to use more glucose, and the change is maintained over time, Stylopoulos says. "Essentially, the intestine becomes a bigger and a more hungry organ that needs more glucose than before. "
Stylopoulos believes that this tissue growth in the gut is the main driver of the surgery's remarkable metabolic benefits -not the reduction in calorie intake. "Surgery works because it changes the physiology," he says.
Weight loss is still important, however, because it triggers a series of changes that help to curb diabetes.
PROBLEMS IN TRANSLATION
How well do these findings translate into people? "These are elegant studies," says Samuel Klein, director of the Center for Human Nutrition at Washington University School of Medicine in St Louis, Missouri. But, he asks: "Is the bariatric surgical procedure in a rodent the same as in a human?" Klein allows that just like rodents, people have a marked improvement in bloodglucose regulation within days of bypass surgery. But that could be because their caloric intake goes from around 4,000 calories a day to just 400, he says. "Anyone who has abdominal surgery is not going to be very hungry after the operation."
Rates of diabetes remission are much higher after gastric bypass than after gastric banding -in which a silicone band squeezes around the stomach to restrict the flow of food (see 'Surgical selection'). Animal studies suggest that that is because the bypass alters metabolism in a way that banding does not, but Klein believes that it is simply because people who have a bypass tend to lose much more weight.
To probe this, Klein compared people who had lost one-fifth of their weight after gastric bypass with those who lost the same amount with banding. All patients showed dramatic improvements in glucose tolerance, insulin sensitivity and the function of pancreatic β-cells, which release insulin 13 . "We did not see any hint" of differences between the groups, he says. The major caveat of this study is that none of the volunteers had diabetes, so Klein's group is now repeating the study in people with the disease. "It could be a whole different ball game," he says.
Still, he agrees that rodent studies provide a relatively quick way to investigate specific biological pathways and test hypotheses about why only some procedures curb diabetes and why certain patients are more likely to benefit than others. By testing individual pathways, researchers hope that they can develop personalized treatments -whether drugs, probiotics or lifestyle changes -that change the specific pathway that has gone awry in a patient.
For Courcoulas, the variability and unpredictability in patient response -in both weight loss and diabetes remission -is the most important issue that animal studies could address. When talking to prospective patients about their surgical options, she frequently refers to a study she published last year 14 that tracked nearly 2,500 people who had undergone various types of bariatric surgery.
After three years, those who received gastric banding had lost, on average, about 16% of their weight, whereas those who had a gastric bypass lost 32%. Banding also led to partial remission of diabetes in 29% of people, compared with 68% for bypass. In general, Corcoulas notes, most people lose a lot of weight in the first six months, irrespective of the procedure. But after that, they diverge wildly: some people continue to lose at a rapid clip, others plateau and still others gain some back. This uncertainty partly explains why so few people who are eligible for surgery choose to have it, she says. At her centre, nearly 1,500 people a year attend group informational sessions to learn the basics of weight-loss surgery. Only 1,000 of them will elect to talk to a surgeon, and 700 will go on to have an operation.
"The big question is, what are the factors, the predictors for someone's success after surgery?" Courcoulas says. Clinical studies have identified some contributors -iron deficiency, liver fibrosis and being older than 50 years, for instance, are all associated with less weight loss 15 . But none of these is absolute. The only thing clear, Courcoulas says, is the need to identify better biological markers. "My colleagues in basic science, " she says, "are going to be making a big contribution in doing that." ■ Virginia Hughes is a science journalist based in New York. 
Surgical selection
A candidate for bariatric surgery can typically choose from three broad categories. All procedures reduce the amount of food the person can eat, but bypass and gastrectomy have the strongest e ects on weight loss and other ailments such as diabetes.
The stomach is reduced to a small pouch and connected directly to the intestine.
Most of the stomach is removed and the part that remains is stapled back together.
An adjustable silicone band controls how much food the stomach can hold.
Roux-en-Y gastric bypass Vertical sleeve gastrectomy Gastric banding
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